Natural-abundance '3C nuclear magnetic resonance spectoscopy has been used to study intact mycelia of the ectomycorrhizal fungi Cenococ-cur gmniforme (Ascomycetes) and Hebeloma crastliniforme (Basidiomycetes These results suggest that fatty acids droplets could be involved in carbon storage and metabolism from ectomycorrhizal fungi.
Ectomycorrhizal fungi live in symbiotic association with the roots of the major part of woody species. The mycobiont stimulates greatly the phosphorus and nitrogen uptake and assimilation ofthe plant (5) . The processes occurring in the fungal partner require a continuous supply of reduced carbon and energy sources for biosynthetic reactions. In ectomycorrhizas and ericoid mycorrhizas, it has been shown that the host-plant photosynthates are translocated to the fungus and used to form specific fungal carbohydrates and polyols, such as trehalose and mannitol (7, 13) . However, the pathway of carbon utilization is still uncertain and, so far, relatively few studies have been directed towards the understanding of the identity and structural organization of carbon stored compounds (5, 9) in ectomycorrhizas and ectomycorrhizal fungi.
In the course of a project concerning the application of NMR2 spectroscopy to the study of ectomycorrhizal fungi metabolism in vivo (8) , we Table I . Chemical shifts are expressed in ppm downfield from TMS. Each spectrum represents the time average of 10,000 scans of 30°flip angle pulses with a 0.77-s repetition rate.
fungi Cenococcum graniforme and Hebeloma crustuliforme are shown in Figures 1, A and B. Spectra revealed high internal amounts of mobile metabolites in both fungi. Comparison of these spectra with previously reported '3C NMR spectra of plant tissues (6, 10, 11), animal tissues (12, 14, 15) , and lipids (1, 2) suggest most of the assignments. Lines appearing at 173 ppm from TMS ( Fig. 1, peak 1 (12) . Lines ranging from 20 to 40 ppm (peaks 4-9) can be assigned to the methylene of the fatty acids; finally, the line appearing at 14 ppm (peak 10) is due to their methyl carbon. Assignments were also checked against solutions of standard fatty acids.
The present report concerns the composition and physical state of fatty acyl chains observed in intact mycelia.
As demonstrated by GLC and TLC (9; Martin and Mourot, unpublished results), there are only two major unsaturated fatty acids in C. graniforme and H. crustuliniforme: oleic (C,8:1) and linoleic (C18:2) acids. Resonances arising from these two fatty acids are readily assigned in the olefinic region (peaks 2 and 3) (Fig. 1, A and B) . Oleic acid has two vinyl carbons, both ofwhich contribute to peak 2. Linoleic acid has four vinyl carbons, two of which contribute to peak 2 and the other two to peak 3. The intensities lead to the estimation of the relative concentration of oleic and linoleic acids of 0.45 and 0.55, respectively, in C. graniforme and 0.07 and 0.93, respectively, in H. crustuliniforme. Thus, the basidiomycete is much richer in di-unsaturated fatty acyl chains than the ectomycorrhizal ascomycete.
From the assignments in Table I , the relative concentrations of saturated fatty acids triglycerides observed by NMR can be determined by using the intensity ratio of peaks 6 and 7 from the methylene region (Fig. 1, A and B) , together with the relative concentrations ofunsaturated fatty acids, as determined by analysis of the olefinic carbons from the same spectra (2, 10). The only major saturated fatty acid in both ectomycorrhizal fungi is palmitic acid (C,60) (9) . Palmitic, oleic, and linoleic acids have 10, 8, and 5 carbons which contribute to peak 6 (Fig. 1, A and B) and they have 0, 2, and 2 carbons, respectively, which contribute to peak 7 (10) . Analysis of the intensities indicate the occurrence of about 5% of oleyl-type fatty acyl chains, 54% of linoleyl-type chains, and 40% of palmityl-type species in 10-week-old H. crustuliniforme. In 10-week-old C. graniforme, the analysis leads to an estimation of the relative concentrations of oleic, linoleic, and palmitic acids of 37%, 31%, and 32%, respectively. The two ectomycorrhizal fungi could be distinguished by their fatty acids pattern, although C18 unsaturated fatty acids constitute the main component in each fungus. The values obtained are not in agreement with the chromatographically determined (9) values of 17%, 74%, and 9% for oleic, linoleic, and palmitic acids measured in H. crustuliniforme and 22%, 58%, 20%, respectively, found in C. graniforme. However, the discrepancy could result from difference in strains used and age of the fungi. Also, the chromatographic analysis is based upon extracted lipids and is therefore a destructive analysis which may modify the relative proportions of fatty acids.
From spectra similar to those of Figure 1 , relative proportions of saturated and unsaturated fatty acids, i.e. palmitic, oleic, and linoleic acids, were monitored in mycelium of C. graniforme from day 23 to day 68 (Table II) . The predominant NMRobservable fatty acids are always oleic, linoleic, and palmitic acids. Their relative proportions showed no significant change during the life span of the mycelium. Presently, the structural organization in the fatty acids which emerges from the nuclear relaxation parameters derived from the 13C NMR spectra of intact mycelia is the one of a system with lipid hydrocarbon chains able to move in a fluid matrix. This is consistent with a droplet organization rather than a membrane location. We were able to locate the site of fatty acids deposit within the mycelium of both fungi using light microscopy and histological staining. Many refringent droplets were seen in the mycelia. These droplets were stained by Red Suddan, a lipid-specific stain (data not shown). This further supports the view that the observed I3C NMR resonances of fatty acids arise from lipids in fat droplets.
Fatty acid droplets have been observed in a number of fungi including endomycorrhizal fungi (5) but to our knowledge the present report is the first devoted to observation and dynamics of these compounds in living microorganisms. It is believed that fat droplets can serve as a reserve of carbon skeletons and energy, and, in view of the high amount of carbon contained in the fatty acids, these compounds are probably a major store in the studied ectomycorrhizal fungi. Thus, '3C NMR spectra should be valuable in characterizing nutritional state and fatty acids pathway of these symbiotic microorganisms. 
